Abstract. For a long time, the efficient market hypothesis plays an important role in financial capital markets. With the time goes by, people found many defects about the efficient market hypothesis, so the fractal market hypothesis occurred. In this study, we take the SME board stock as the research object, aiming to use R/S analysis to determine the characteristics of the SME board stock price movements. Then, we present a trading strategy based on the hurst index of stock, through the actual simulation of the stock market, we get a good return. There is no doubt that the fractal market hypothesis and the hurst index will be a good tool for stock market.
Introduction
The Efficient Market Hypothesis thinks that the changes of stock price are random, any means to predict the future price based on historical price is invalid. The Fractal Market Hypothesis is a major challenge to the Efficient Market Hypothesis. If the stock market really has long-term memory, then the price will follow certain rules instead of random walk, the analysis of historical data to predict the future price trend will be possible.
With the passage of time, the efficient market hypothesis is proved to be unreality, and the fractal market hypothesis have could explain a lot of phenomenon that efficient market hypothesis cannot explain. In fact, the efficient market hypothesis is contained in the fractal market hypothesis,it is a special case of the fractal market hypothesis. Fractal is a concept in physics, it was put forward by Hurst (1951) , who used R/S analysis to calculate the hurst index. Then Mandelbrot (1968) introduced a concept of fractional Brownian motion. Andrew (1991) proposed a perfect and complement analysis method, hurst index and the fractal market hypothesis widely used over in the stock, such as crude oil market. The later scholars, using the method of predecessors' experience and theory on the UK Mills (1993) However, it is not enough that the predecessors did not apply the theory to practice, and did not propose strategies for the investment of stocks based on fractal characteristics. In this study we put forward a trade strategy. In addition, the research subject of this study is the Small and Medium Enterprise(SME) board stock, which is also an area that has not been covered by predecessors. So the study will combine theory with practice to help develop stock investment strategies.
Methods
If we want to use historical data to forecast the price movement of the stock, we should make sure that the stock can obey the fractal market hypothesis. So, at first, we need use R/S analysis to make a Ln(R/S)-Ln(n) graph and calculate hurst index. Due to the numerical value of the hurst index, we can know whether the stock obey the fractal market hypothesis. Then we introduce V statistic to make sure the average cyclic period of the stock. With the help of average cyclic period, we can use R/S analysis to calculate the moving average hurst index. Moving average hurst index will play an important role in our strategy. 
R/S analysis
R/S analysis is used to calculate Hurst index, the specific steps are as follows: For a time series ሼ‫ݔ‬ ௧ ሽ which length is N, divide the time series into A subsequence, the length of them are all n, and then N=A×n.
Randomly select a subsequence from A subsequence, and named it a(a = 1, 2, 3...A), whose meaning is the ܽ ௧ subsequence, set its mean to be ܺ . Then:
The standard deviation of each subsequence can be calculated as follows:
Where ‫ݔ‬ ， is the ݅ ௧ element in the a subsequnce.
We named (3) as the cumulative deviation of the ݅ ௧ element of the ܽ ௧ subsequence.The range of the ܽ ௧ subsequence is:
Then we can define the rescaled range as ܴ ܵ ⁄ , the average of all A rescaled range is:
Where the length ݊ of the subsequence is variable, and the different subsections correspond to different ሺܴ ܵ ⁄ ሻ , so after the long practice of Hurst, the following relationship is established:
Where K is a constant and H is the Hurst index.If we take the log of both sides，we can get:
Therefore, the approximate value of H can be calculated by the Least Squares Method of logn and logሺܴ ܵ ⁄ ሻ .
Hurst index
Hurst index is a index range from 0 to 1. The basic properties of hurst index is: When H=0.5, fractal time series ሼ‫ݔ‬ ௧ ሽ shows as the efficient market hypothesis says, and it is a special kind of fractal sequence, its movement is to obey the normal distribution of random walk, which is a standard Brownian motion.
When H<0.5, the correlation coefficient of the sequence is negative. It indicates that the sequence has anti-durability, that is, the trend appear in the future may contrary to the past. If the price of the stock has been rising in the past, the prices in the future will decline in a high possibility.
When H>0.5, the correlation coefficient of the sequence is positive, indicating that the sequence has a positive persistence, that is, the future trend may be the same as in the past, and the time series has long-term memory. If the price of a stock has been rising in the past, the prices in the future will increase in a high possibility.
Average cyclic period
In this part, we lead in a statistic V, and it is defined as:
If ሺܴ ܵ ⁄ ሻ is the same as the square root of n, then the V-Logn graph should be a straight line. When H>0.5, the growth rate of ሺܴ ܵ ⁄ ሻ is higher than Logn, so the curve should be upward; When H< 0.5, the curve should be downward. So in V-Logn diagram, the point of average cyclic period is the point where V-Logn changed. Simply put, is the highest part of V-Logn graph, starting from this point, the memory of the market begin to disappear.
Moving average Hurst index
Moving average Hurst index refers to: select time period (t, t+k-1) within the time period (t, t+n-1), k≤n, using R/S analysis method to calculate the Hurst index ‫ܪ‬ of the interval, after for (t+j, j+k-1), j = 0,1,2,3...n-k, we can get a series of Hurst index of each time.
We know that the memory of each stock has its own average cyclic period, therefore, when we select time period, we must make it less than or equal to average cyclic period, to ensure that it has memory.
Moving average hurst index is used to determine the mood of the stock market during a certain period of time, so as to determine the trend of future market, to determine whether the market is upward trend, downward trend or stochastic trend.Usually, we use moving average hurst index to make strategy.
Case Study: SSE SME COMPOSITE
The SSE SME COMPOSITE(399005) is an stock index that can reflect the stock characteristics of small and medium enterprises board. Therefore, in this study, we choose the price of SSE SME COMPOSITE as object, and the date is range from 2006.1 to 2017.11.We can get the data easily on the internet.
Hurst index calculating
Using R/S analysis, we can make a Ln(R/S)-Ln(n) graph in MATLAB like this: Figure 2 . SSE SME COMPOSITE Ln(R/S)-Ln(n) graph.
We get H=0.62585, so the SSE SME COMPOSITE obeys the fractal structure, and the sequence correlation coefficient is positive, the time series has the positive persistence, and the future tendency will be the same as in the past.
It also improves that SME stocks are not yet mature enough to meet the conditions of the efficient market hypothesis.
The correspond between V statistic and n of the SSE SME COMPOSITE is as follows: Figure 3 . SSE SME COMPOSITE V-Ln(n) graph.
The average cyclic period the SSE SME COMPOSITE is 1096 days, it means that after 1096 days, the system loses the memory of the initial conditions, and the initial conditions affect up to 1,096 days. It is a long period compared with the stock of other board. It also means that SME stocks are not yet mature enough.
The average cycle is significant, because only cycle stock price data will influence each other, so the existence of the cycle is let us decide which data is to be able to influence strategy, what data is unnecessary, it plays an important role for our future stratgey. The above calculation of hurst index is just a number, it can explain the stock obey the fractional brownian motion, but it is not realistic to make a trading strategy, because strategy is every moment of the stock, we need to know the Hurst index everytime.To be able to build a trading strategy based on the Hurst index, we introduced the concept of moving average hurst index. As we see in the Fig.4 , the upper curve is the moving average hurst index of SSE SME COMPOSITE, the lower curve is the log(index) of the SSE SME COMPOSITE.We will use it in the strategy part.
Strategy and effect evaluation
In this part we use a tool on internet which named Ricequant. According to the description of the function of Hurst index, we make a strategy like this:
If the stock price is on the upward trend and H>0.5, then buy stocks.If the stock price is on the upward trend and the H<0.5, then sell the stock. If the stock price is on the downward trend and H>0.5, sell the stock. If the stock price is on the downward trend and H<0.5, buy the stock. And we choose the date of the stock from 2014.10 to 2017.11.
Using this strategy, we can get the follows graph: Figure 5 . Strategy on SSE SME COMPOSITE.
The blue curve is the benchmark yield of the stock. The red curve is the yield of the strategy.The purple curve is the moving average hurst index of the stock. As we can see from the graph, the final benchmark yield is 54%, and the return on the strategy is 71%.So, it's a very successful strategy.
However, this strategy is too relaxed for the requirement of the Hurst index, because 0.5 is the dividing line of the positive and negative memory of the Hurst index, and the value of the Hurst index near 0.5 is weak. For example, when H=0.51, it is fair to say that the future trend of the stock may be consistent with the past, but the likelihood of such a consensus is lower than the probability that the H=0. 7 . So in fact, we need to set the value of H in terms of our preferences.When the positive memory is stronger, the following trend is believed to be the same as before, thus adopting the strategy;when the negative memory is stronger, it begins to believe that the following trend is the opposite, and then take action.
Conclusions
The fractal market hypothesis is a big challenge to the efficient market hypothesis. Before the emergence of the Fractal Theory, the Efficient Market Hypothesis in the financial occupied the dominant position. With the time goes by, people found many defects about the efficient market hypothesis. In this study, we proof the strength of the fractal market hypothesis and the weakness of the efficient market hypothesis. Make sure that the stock obey the fractal market hypothesis, aiming to use history data to forecast stock price movements.
To sum up, the fractal market hypothesis shows that we can determine the price of the stock relative to the change of history price. The moving average hurst index is an effective tool for investors to make a real-time trading strategies. We give a simple strategy based on the moving average hurst index in this study. The stratgey mainly depends on the degree of personal appetite for risk. When the hurst index over the interval of the stratgey, buy or sell; when the hurst index of the specified range fluctuate smoothly and maintain the status quo, not buy nor sell. However, the choice of interval should not too small or too big, only the fit is the best. It is worth noting that the strategy is not guaranteed to be completely correct, there may be omissions in the strategy.Whether the strategy is feasible or not, it needs to be tested continuously in practice. But there is no doubt that the fractal market hypothesis and the hurst index will be a good tool for stock market. It will play a important role in financial capital markets.
